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“Like medicine, it (architectures) must move from the 
curative to the preventive.” 
Cedric Price









§  1.1 Background and Problem Statement





















from developing “Computer Aided Architecture Designs” to a mindset promoting 






















































space become crucial communication mediums. The ultimate goal of the research 
is thus to create buildings as embodied organic bodies which can interact with the 








Embodiment, and Biology (Organic).
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Is it possible to develop a rule-based design framework for creating interactive 
architecture for the generation of novel authentic organic architecture which aptly 
utilizes computation capabilities to generate an intelligent, body-like, and tactile 






















With the assistance of computational techniques, what will be the new role/definition of 
















What is the connection between architectural space and embodiment from a theoretical 





























































































What are the current developments in Biomimetic design developments in the context 















of what is the current status quo of “Organic” and “Bio-Inspired” Architecture as a 
Biomimetic or Bio-ARCH resource.
What novel application of natural/biological systems based knowledge can be applied 



























architecture: “Simple to Complex”, “Geometric Information distribution”, and “On/Off	
Switch and Trigger”.





By extracting the three biological morphogenesis principles of “Simple to Complex”, 
“Geometric Information Distribution”, and “On/Off Switch and Trigger”, and translating 
them into three design rules of “Componential System”, “Collective Intelligence”, and 
“Assembly Regulation”, the primary objective of the research is the following: To develop 
a rule-based design framework for interactive Bio-architecture, which can interact and 
improvise its performance in response to its context in real-time. This will encompass active 






















Organic + Embodiment + Bio-Architecture = Componential System + Collective 
















Considering that architecture can have its own intelligence and own behavior implies 
establishing new relationships between it and human bodies. This hypothesis already 
marks a reversal of conventional design thinking in conceiving architecture while 









































































































































































































































VR = Ambiguous Topology
Prototype = HyperLoop Pavilion




















Carroll, S. B. (2005). Endless Forms Most Beautiful: the New Science of Evo Devo. New York: W. W. Norton & 
Company, Inc.





McLuhan, M. (1964). Understanding Media: The Extensions of Man. New York: McGraw-Hill.
Novak, M. (1991). Liquid Architectures in Cyberspace. In M. Benedikt, Cyberspace: First Step (pp. 225-255). 
Cambridge: The MIT Press.






“True hyperBodies are proactive bodies, true hyperBodies 
actively propose actions. They act before they are triggered 
to do so. HyperBodies display something like a will of their 
own. They sense, they actuate, but essentially not as a 
response to a single request.” 
Kas Oosterhuis
§  2.0 Background: The Origin of Interactive Architecture
The 60s was the age of freedom and boldness. According to John Lennon, the legendary 
singer-songwriter, who said in his last interview for RKO, “The thing the sixties did was 
to show us the possibilities and the responsibility that we all had. It wasn’t the answer. 


























































































































































































































































































































































































































§  2.3 Immediate Demands and Bodily Connection/


























































































In 1964, Marshall McLuhan introduced the concept: “medium (technology) is 










































































































































































architecture, has written an influential quote in his book “An Evolutionary Architecture” 









































































bench no.1 chair no.1
















[ 20,20,20,30 ] [ 20,20,40,30 ]
{ 1,4,1,1,1 }




{ 1,3,4,1,1 } { 1,2,4,1,1 }
[ 8,72,4,18 ] [ 16,46,-4,18 ] [ 20,50,-4,32 ]
{ 1,3,4,7,1 }

























table no.1 table no.2





{ 5,1,1,1,1 } { 1,3,4,1,1 }
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“Give me a gun and I will make all buildings move.” 
Bruno Latour, Albena Yaneva
§  3.0 Introduction
How computational technology start to take place and gradually become being heavily 




























































































The Form is interplaying amongst itself as an information emergence by executing 
particular approaches for conveying information.
“Design is the computation of shape information that is needed to guide fabrication or 











about “Computerization” and “Computation”. “The dominant mode of utilizing 
computers in architecture today is that of computerization; entities or processes that 
are already conceptualized in the designer’s mind are entered, manipulated or stored 
in a computer system. In contrast, computation or computing, as a computer-based 
design tool, is generally limited. The problem with this situation is that designers do 











The key concept delivered here is: “The form can be informed by contextual 





Sculptor, Form Generator, Form Animator, and Form interactor.
§  3.1 FORM SCULPTOR

































































of the digital age is not just any building that was designed and built using digital 












































§  3.2 FORM GENERATOR
= development of algorithms with multiple parametric inputs to generate performative 


























































McCullough’s article “20 Years of Scripted Space” (McCullough, 2006): “First you set 
up some rules for generating forms, then you simulate them to see what kind of a 
































Evolutionary Architecture”, “What we are evolving are the rules for generating forms, 
rather than the forms themselves” (Frazer, 1995), adequately portrays the ideal 
definition of the Form Generator.
§  3.3 FORM ANIMATOR
= A process wherein surrounding/contextual forces become instrumental in actuating 










“Animate Form” by Greg Lynn (Lynn, 1999), but the essence of the Form Animator is 
mostly pointing against what Greg Lynn states. Greg Lynn tried to make a distinction 
between “motion” implying movement and action, and “animation” implying the 































further states that “Euclidean space is a rather subjective, human-centered or, at 
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least, knowledge centered way of grasping entities, which does no justice to the ways 















































in the publication “Architecture in Formation: On the Nature of Information in Digital 
Architecture (Lorenzo-Eiroa & Lynn, Interview and projects by Greg Lynn FORM, 
2013)”, Lynn states: “I had thought it was too simplistic and literal to reduce animation 
media to the role of designing moving projectiles and transforming objects. But, now 
I have to admit that a sensibility in culture is willing these moving environments into 









tendency, Latour’s daring assertion of “making all buildings move” might actually 
come true.
§  3.4 FORM INTERACTOR
= An emergent organic body composed of numerous singular intelligent entities 
possessing dynamic interaction. This dynamic interaction via internal/external 
information exchange can be seen during the process of growth and in the pro-active 



















§  3.4.1 Internal Interaction
Genetic Algorithms should not be seen as a process for optimizing form finding 
functions only: “Form Generator”, but rather as an environmentally sensitive interactive 











in “Morphogenesis and the Mathematics of Emergence” (Weistock, 2004) clearly 
illustrated the generic computational approach of exploiting Genetic Algorithms 
in architectural design and other research fields, “Genetic Algorithms initiate and 
maintain a population of computational individuals, each of which has a genotype and 



























architectural design. “…DNA does not describe the process of building the phenotype 
but constitutes instructions that describe the process of building the phenotype, 
including instructions for making all the materials, then processing and assembling 
them…These are all responsive to the environment as it proceeds…”. (Frazer, 1995). 
John Frazer emphasized in his significant article“An Evolutionary Architecture” that “…
what we are evolving are the rules for generating form rather than the form themselves. 


















“located” or “crystalized” on site. “Bones, for instance, which are full of living cells, can 
heal and adapt to their environment. In particular, the cells will rebuild the structure 
to	adapt	to	the	load	it	carries;	a	bone	can	change	its	physical	shape	after	a	fracture	that	
















§  3.4.2 External Interaction
External Interaction, following Swarm Behaviors-like principles, a dynamic equilibrium, 
should have capabilities to confront immediate circumstances locally to take action by 
individuals but interrelated componential intelligence agents and emerge from bottom-
up as a global behavior to embody as a volatile actor.
To understand the issue of External Interaction in the Form Interactor, the notions of 
Emergence and Swarm Behaviour have to be introduced. “…Emergence is applied to 
the properties of a system that cannot be reduced from its components. Properties 
‘emerge’ that are more than the sum of the parts”, “The Architecture of Emergence: 
The Evolution of Form in Nature and Civilisation” (Weinstock, 2010), which simply 
and clearly explained the notion of Emergence. Michael, further quotes Aristotle’s 














































































explicitly illustrated as follows, “These methodologies operate by encoding simple, 
local architectural decision within a distributed system of autonomous computational 
agents. It is the interaction of these local decisions that self-organizes design intention, 
giving rise to a form of collective intelligence and emergent behavior at the global scale. 
Such	behavioral	formation	represents	a	shift	from	‘form	being	imposed	upon	matter’,	

















































Rather we try to invent new species which by its complexity and due to their complex 








§  3.5 Conclusion
In this chapter, “Form” has been interpreted as an information processor inspired 




























Based on what Stephen Wolfram has stated in “Towards a New Kind of Science”, “…
nature[the Universe] as we know it is a pure form of computation” (Wolfram, 2002), 




Architecture is an architecture that breathes, pulses, leaps as one form and lands 
as another…It is an architecture that opens hallways, where the next room is always 




the HyperBody concept, “True hyperbodies are pro-active bodies…actively propose 
actions. They act before they are triggered to do so. HyperBodies display something 
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“You take the blue pill, the story ends. You wake up in your 
bed and believe whatever you want to believe. You take the 
red pill, you stay in Wonderland, and I show you how deep 
the rabbit-hole goes.” 
Morpheus, to Neo (the Matrix, 1999)
§  4.1 From Body Measurement to Body Extension to Body without Organ
In the present digital age, the body tends to extend beyond it being flesh, it can be 






























publication, “Understanding Media: The Extension of Man” (McLuhan, Understanding 
Media: The Extensions of Man, 1964). This explicit shot made the researcher foresee 
the potential and intimate relationships between the body, technology, and space, and 
somehow have a rational explanation to extend the physical body to endless space, 
which is crucial in this chapter.
“Today,	after	more	than	a	century	of	advancements	in	electronics,	we	have	extended	
our central nervous system itself in a global embrace, abolishing both space and time 
as far as our planet is concerned” (McLuhan, Understanding Media: The Extensions of 
Man, 1964), Marshall McLuhan who invented the terminology of the “Global Village”, 
thus opens up a ceaseless discussion around his discussions around “ media being the 
extension of man”, and by doing so, he profoundly influenced the general perspective/
reflection of technology and helped in reshaping a new relationship between body and 
technology. “All media are extensions of some human faculty—psychic or physical” 
(McLuhan, M., Fiore, Q., & Agel, J, 1967). The “Media” here is no longer the synonym 
of the press or mass media but rather indicates human technology. For example, “…
the wheel (media) is the extension of the foot”; “…the book is the extension of the eye”; 




















follows, “The railway did not introduce movement or transportation or wheel or road 
into human society, but it accelerated and enlarged the scale of previous human 












in the tribal world, the senses of touch, taste, hearing, and smell were developed, for 
very practical reasons, to a much higher level than the strictly visual. Into this world, the 
phonetic alphabet fell like a bombshell, installing sight at the head of the hierarchy of 
senses. Literacy propelled man from the tribe, gave him an eye for an ear and replaced 




















maintain equilibrium. Any extension of ourselves they regard as “autoamputation,” 
and	they	find	that	the	autoamputative	power	or	strategy	is	resorted	to	by	the	body	
when the perceptual power cannot locate or avoid the cause of irritation (McLuhan, The 
Gadget Lover: Narcissus as Narcosis, 1964). This is the reason why people tend to play 
sports in order to combat the irritations and stresses of real life. Furthermore, “…In the 
physical stress of superstimulation of various kinds, the central nervous system acts 
to	protect	itself	by	a	strategy	of	amputation	or	isolation	of	the	offending	organ,	sense,	
or function” (McLuhan, The Gadget Lover: Narcissus as Narcosis, 1964), in addition to 





























































it. Afterwards, according to the article, “in order to resist organ-machines, the ‘Body 
Without Organs’ presents its smooth, slippery, opaque, taut surface as a barrier”. Then, 
in the next phase, the “Body Without Organs” transforms itself into a smooth surface, 
recording the entire process of desire productions from each machine, thus forming a 
more intimate relationship between desiring machine(organ) and the “Body Without 
Organs”. Eventually, “…machines	attach	themselves	to	‘Body	Without	Organs’	as	so	























































to the Body Extensions idea of Marshall McLuhan, under the context of the Internet, 
the technology/Body Extensions make people connect to the Internet which can be 
interpreted as a desiring/organ machine interplaying between other’s body extensions. 
















(Deleuze, G., & Guattari, F., 2003), “…the surface of this uncreated body swarms with 
them,	as	a	lion’s	mane	swarms	with	flea”, and also consider the quote from Henry 
Miller in the introduction of the “Anti-Oedipus” by Mark Seem, “We must die as egos 




research. “…a body without organs, like a spider poised in its web, observing nothing, 
but responding to the slightest sign, to the slightest vibration by springing on its prey” 
(Deleuze, G., & Guattari, F., 2003). Each of us, as an individual could be the prey, or the 
substance falling on the web to make vibrations in order to create a synthesis impact 






§  4.2 You are in a Virtual Reality more frequently than you know


























Architecture of Intelligence”, states, “As readers, we learn to represent and internalize 
the	visual	field	by	repeating	it	in	our	imagination.	It	is	because	of	this	simple	process	





by the authors and the readers? In the section of “Literature and Virtual Realities” of 
the publication “On Literature” the influential literature theorists, J. Hills Miller, writes 
that “Right reading is an active engagement. It requires a tacit decision to commit all 






of the connection between literature and virtual reality. “Literature seizes me and 
carries me to a place where pleasure and pain join. When I say I am ‘enchanted’ by the 
virtual realities to which literary works transport me, that is a milder way of saying I 







Reality (or Cyberspace)” is that the former one is made up by our minds with daily 
experiences	which	are	extremely	personal	and	the	latter	is	an	artificial	product	usually	











and accurate perception. It is quite obvious why people intuitively tend to connect 
with	interactivity	using	VR	technology	since	this	enables	an	entire	immersive	artificial	











“Cyberspace. A con sensual hallucination experienced daily by billions of legitimate 
operators, in every nation, by children being taught mathematical concepts … A graphic 
representation of data abstracted from the banks of every computer in the human 
system. Unthinkable complexity. Lines of light ranged in the non-space of the mind, 















Benedikt, the author of “Cyberspace: The First Step” (Benedikt, 1991) states “…with 
cyberspace, a whole new space is opened up by the very complexity of life on earth: a 
new niche for a realm that lies between the two worlds. Cyberspace becomes another 





as sensory extensions, “…we are increasingly dependent on such technologies to 
sustain our social cultural reality. They are part of being human in our time”. Since 
the Internet and World Wide Web were invented, humans have no capability to cease 
this inevitable trend and must start enjoying surfing on it. The fact is exactly the way 












A network system, the current existing representation is the “Internet service”. It is a 
Virtual Reality in a sense that people can project themselves and have multiple identities 
as AVATARS on-line. Through the screen and the Internet cable, people can basically 
navigate to each and every single digit/bit of the global Internet system.
VR (Virtual Reality):
A tactile and tangible environment creative with computer technology to invoke 
human’s sensory system in real-time. It can either simulate existing surroundings or 
create a fantasy experience for people to examine and make people temporary enter an 










“The Pearl gate of Cyberspace” (Wertheim, The Pearl Gate of Cyberspace: A History of 
Space from Dante to the Internet, 1999), “Ironically, cyberspace is a technological 
by-product	of	physics.	The	silicon	chips,	the	optic	fibers,	the	liquid	crystal	display	
screen, the telecommunication satellites, even the electricity that powers the Internet 





























layer of a mega-network that will cover the entire planet like a skin. As communication 
continues to become faster, smaller, cheaper and smarter in the next millennium, 
this skin, fed by a constant stream of information, will grow larger and more useful. 
That “skin” will include millions of electronic measuring devices - thermostats, 
pressure gauges, pollution detectors, cameras, microphones - all monitoring cities, 
roadways, and the environment. All of these will transmit data directly into the 







































from visual dominance to a tactile one” (de Kerckhove, 2001). The mouse brought 
the sense of touching into Cyberspace or VR environment which enhanced people’s 
engagement together with the vision and auditory senses. That is why Derrick de 
Kerckhove stated that “…the mouse and the pointer (as like a direct extension of the 
eye) connection on the screen like a hand and the external mind digging, grabbing, 
pushing, replacing, removing and allowing a concrete operation followed closely by the 

































advanced technologies, is there still a boundary between man and machine, virtual 
and physical body?” in a relatively radical way, which he apparently responded to 
negatively. “Technology	is	not	only	attached	but	is	also	implanted.	Once	a	container,	
technology now becomes a component of the body…It is no longer of any advantage 
to either remain ‘human’ or to evolve as a species… Once technology provides each 
person with potential to progress individual in its development, the cohesiveness of the 


















































possible is the opposite of real, it is opposed to real, the virtual is opposed to actual…

























From another aspect, referring to the aforementioned electronic circuits which can to 
a certain extent be implemented in simulating the electronic impulse to stimulate the 
brain to generate all senses of humans, which is also extremely virtual, it makes the 
body	totally	useless	but	makes	the	brain	sink/engage	into	an	artificial	universe	and	
believe they are vividly living. This kind of hypothetical narrative is fully related to the 

























































a universal space including the actual and virtual world. “We are entering an era of 
electronically extended bodies living at intersection points of the physical and virtual 
world,” said William Mitchell, who pointed out the current conditions we are beginning 










































































































































§  4.3 From InterFACE to interACT: Merging Layers of (Sur)faces
















been plugged into the virtual world as Marco Novak said: “Though the computer 
screen appears two-dimensional, it has a spatial-temporal dimension that allows it 








































































































strictly looking at environmental conditions outside the building and performance based 












§  4.4 Body and Brain vs. Machine and Computer under 







































input data to the brain for decision making, and passing the message to the actuating 
body to trigger the movement. It indicates the truth that the sensor, the brain, and 
the body are the three crucial elements in any interactive system. At present, there is 
research both on the body/the sensor and the brain in interactive space/environment. 
From the body aspect, the research relates more to the physical materialization of the 
actuating mechanism, which can be motorized or bio-materialized; the sensors can 














































driving motoring façades, including the Al Bahar Towers in Abu Dhabi by AEDAS 













































“Intelligent materials and smart materials are general terms for materials that have 
one or more properties that can be altered”. This is the major reason why designers 
are eager to take these materials and implement them into interactive design. In 
the publication of Michelle Addington and Daniel Schodek, “Smart Materials and 
New Technologies: For Architecture and Design Profession” ” (Addington, Michelle & 
Schodek, Daniel, 2005), they separated smart materials into two categories: “Type one 
materials undergo changes in one or more of their properties – chemical, mechanical, 
electrical, magnetic or thermal – in direct response to a change in the external stimuli 
associated with the environment surrounding the material…Type two materials 























































































































“Out of Control: The New Biology of Machines, Social Systems, and the Economic 
World” (Kelly, 1995). According to IEEEIEEE 802.11 terminology, “a distribution 
system interconnects Basic Service Set (BSS) to build a premise-wide network that 

















possesses. “The rules of response can be very simple and the rules for interaction 
between each system can be very simple, but the combination can produce interactions 
that	become	emergent	and	very	difficult	to	predict.	The	more	decentralized	a	system	is,	











developing interactive architecture. “An agent-based model (ABM) is one of a class 
of computational models for simulating the actions and interactions of autonomous 











§  4.5 Conclusion
In this chapter, the discussions addressing philosophical, social, medium, 
technological, virtual/real, interaction, and distributed control system have been 
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“Machines are becoming biological and the biological 
is becoming engineered.” 
Kevin R. Kelly
§  5.0 Current Developments and Trends of Bio-
inspired/Organic Architecture.
Starting an overall investigation by categorizing current bio-inspired architectural 
design developments into “Material”, “Morphological”, and “Behavioral” to explore a 
novel definition of the “New Generation Organic Architecture”.
At present, people are confronting the unprecedented unification of machine and 
biology which has been revealed by the means of advancing industrial processes 
towards the organic model. In his remarkable publication, “Out of Control: The New 
Biology of Machines, Social Systems, and the Economic World” (Kelly, 1995), Kevin 
Kelly makes an interesting observation that “Machines are becoming biological and the 































§  5.1 Morphological
§  5.1.1 Morphological Development 0



































§  5.1.2 Morphological Development I

































§  5.1.3 Morphological development II
= flourish developments amongst the young generation of architects implementing 






natural objects grow. “Code sequences generate ‘immaterial forms of intelligence…























































































§  5.2 Material



































































not operate within the realms of biological processes that are associated with living 








‘protocell architecture’ can be thought of as an alternative arrangement of terrestrial 
chemistry that ultimately results in a new living system that has been ‘midwifed’ 











































































modulations. “Contemporary architectural design is still characterized by a clear 
separation and hierarchical conception of the creation of form, space and structure and 
its subsequent preparation for materialization. In contrast, the approach presented 
here seeks to employ computational processes for a higher level of integration of 

































“Nature as model. Biomimicry is a new science that studies nature’s models and 

































§  5.3 Behavioral
§  5.3.1 More Than Form Finding
A swarm behavior should be more than just a trajectory of virtual agents meant for form 
















§  5.3.2 A Swarm of Smart Autonomous Entities
Swarm behavior, in the case of this research implies activation of agents to promote 
processes of self-organization and self-assembly driven by a set of collective principles 
followed by numerous smart autonomous entities.
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Control” has already stated that “these same principles of biologics are now being 





inspired architectural design. “When the Technology is enlivened by Biology we get 
artifacts that can adapt, learn, and evolve. When our technology adapts, learns, and 







§  5.4 From Static to Dynamic Optimization


















“Genetic algorithms initiate and maintain a population of computational individuals, 
each of which has a genotype and phenotype. Sexual reproduction is simulated by 
random	selection	of	two	individuals	to	produce	‘parents’	from	which	‘offspring’	are	
generated. By using crossover (random allocation of genes from the parents’ genotype) 
and	mutation,	varied	off	springs	are	generated	until	they	fill	the	population.	All	parents	
are discarded, and the process is iterated for as many generations as are required to 













































which regulates morphogenesis. In “Deleuze and the Use of the Genetic Algorithm in 
Architecture” (DeLanda, 2002), Manuel DeLanda pointed out a crucial issue pertaining 
to the role of an architect in algorithm-driven-design: “Thus, architects wishing to use 
this new (computational) tool must not only become hackers (so that they can create 
the code needed to bring extensive and intensive aspect together) but also be able ‘to 

















§  5.5 EVO-DEVO (Evolutionary Development Biology), the 
Inspiration of New Organic Bio-Architecture
EVO-DEVO (Evolutionary Development Biology), the hidden secret of morphogenesis and 




natural Morphogenesis. Genes, shall be studied and decoded to develop a novel 





















the publication, the “Endless Form Most Beautiful” by Sean B. Carroll, who is at the 
forefront of evolutionary development biology. The title, “Endless Form Most Beautiful” 









major and interrelated topics: “From Simple to Complex”, “Geometric Information 
Distribution” and “On/Off	Switch	&	Trigger”.














“from simple to complex”. The “complicated” and the “complex” have slightly different 
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interpretations here in that the complicated leans towards a confusing and puzzling 
situation where it is hard to find the solution while complex is more akin to a logical 
combination of simple elements. This “Simple to Complex” principle relates to Kas 
Oosterhuis’ “One Building One Detail” idea in architectural design; “…any building 
should have only one single parametric detail mapped on all surface, subject to a 
range of parameters that render the values of the parametric system unique in each 
local instance, thus creating a visual richness and a variety that is virtually unmatched 




















(Figure 5.6, middle up). Like an instruction, a “Fate Maps reveals that, at some point in 







































































of ultimate shape. “It is by ‘computing’ the inputs of multiple proteins that switches 
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“Our furniture might someday be comprised of a multitude 
of interconnected assemblies of robotic modules that can 
reconfigure	themselves	for	a	variety	of	desires.” 
Michael Fox & Miles Kemp
“Liquid Architecture is an architecture that breathes, pulse, 
leaps as one form and ends as another…it is an architecture 
that opens to welcome me and closes to defend me.” 
Marcos Novak
§  6.1 Architecture as Body

















































requirements in real-time. Following the notion of “architecture as organic bodies”, 





main traits of being an interactive architecture: Dis-measurement, Uprooting, Fluidity, 






Dis-measurement: Acknowledging the premise of “architecture (technology) as an 




























































§  6.2 The Integration of Digital Architecture = Living Interactive 




































































































§  6.3 Translating Principles from Evolutionary Development 
Biology to Organic Bio-Architecture Designs.
Translating Useful Principles from Evolutionary Development Biology to Rules for an 





















HyperCell: A Bio-inspired Design Framework for Real-time Interactive Architectures.
Simple-Complex 
= Componential System 
On/off Switch and Trigger 
= Assembly Regulation 
Geometric Information Distribution 
= Componential System
Componential System + Collective Intelligence + Assembly Regulation
= Living Creature-like Architecture 
Defining the essential 
geometric components and 
their transformation capabili-









Num: 8A + 2B
Combination 1
Num: 6A + 1B
Combination 2






Developing an assembly principle by 
involving on/off logic(indicate to simple 
+ or - logic) to generate different 
numbers and combinations of the 
derived components to create various 
temporal forms of mature architectural 
bodies.
There is no certain sequence regarding the 
above three principles. Every aspect should be 
consider in parellell in a interelated manner.
The overall mophology is created 
by/collected from each individual local 
mophologic interaction as a bottom-up 
embergence behavior.
Setting up the local protocal communica-
tions for the local scale interactions by 
defining the input/output relationship in 
accordance to the performative ideas (i.e. 
evironmental factors or users demands) via 































§  6.3.1 From “Simple to Complex” to “Componential System”



















§  6.3.2 From “Geometric Information Distribution” to “Collective Intelligence”
















surounding conditions Collective Intelligence
Physical Constrains














§  6.3.3 From	“On/off	Switch	and	Trigger”	to	“Assembly	Regulation”
= Specifying the rules of assembly with different degrees of freedom for kinetic 


















§  6.3.4 Living Creature-like Architecture = Componential System 










































Amount of NumbersM Material Constrain
Amount of NumbersA Adaptive Mechanism
Amount of NumbersL Location Condition
Amount of NumbersG Geometry Possibility
Amount of Numbers
I Interaction Potential
Amount of NumbersP Performance Property
Amount of NumbersE Enviro mental Constrain
FIGURE 6.4  Diagram portraying possible DNA logic implemented in architectural design as a set of 
relationships instead of parameters merely for form generation.
























§  6.4 The crucial and immediate demands of developing real-
time	re-configuring	space	as	a	living	creature
= taking the users’ requirements as a fundamental variable for real-time spatial re-






















This research would like to place a major emphasis upon users demands as a 







“The kinetics for spatial optimization systems are generally described as how systems 
can	facilitate	flexible	spatial	adaptability.	Multifunction	designs	differs	from	spatial	
optimization	system,	because	these	systems	specifically	provide	the	means	for	





















architectural response to a particular problem is too slow. Architecture must concern 
itself	with	the	socially	beneficial	distortion	of	the	environment.	Like	medicine	it	must	








conditions outside the building and performance-based aspects of the building to 
include predicting and reacting to information inside the building, which includes 
understanding and monitoring the changing needs to the users of space”. These, 
illustrate not only a shift in focus from external to internal environments in interactive 






























“...Current advancements in metamorphic, evolutionary, and self-assembling robot, 
specially dealing with the scale of the building block and the amount of intelligent 
responsiveness	that	can	be	embedded	in	these	modules,	are	setting	new	standards	for	
the construction...” indicates precisely to central notion of developing an intelligent 


























































































































§  6.5.2 The Applications of a HyperCell Furniture System and Future Evolution
After having a general picture of its geometric transformation principles as well as how 
the HyperCell can compose a HyperBody’s parts, it is time to discuss the applications of 
the HyperCell in terms of a furniture system. The phrase “Our furniture might someday 
































{ 5,1,1,1,1 } { 1,3,4,1,1 }














































































§  6.5.3 A Series of Developments with HyperCell












































































































3 HyperCell: Turns Simulation into an Immersive Virtual Reality Experience67
After exploring the geometric developments of HyperCell with several computational 
simulations and setting up the GUI as manipulating protocols with each HyperCell, the 


























§  6.6 Brief Conclusion
In brief, the research so far illustrated the ideal features of the body-like interactive 
Bio-architecture (as new organic architecture) which has borrowed the six points from 










biotic principles such as “Simple to Complex to derive Componential Systems”, 




















§  6.7 Living creature-like space with its own intelligence and behavior

























is an architecture that breathes, pulse, leaps as one form and ends as another…it is 










Oosterhuis. “True hyperBodies are proactive bodies, true hyperBodies actively propose 
actions. They act before they are triggered to do so. HyperBodies display something like 










































Desired Point in 3D  
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The Rain Mode is triggered by the presence of people (tracked by Kinect) within 
the allocated installation space. A high-velocity downpour of 640 agents/particles 
constituting the installation akin to heavy rainfall is immediately set in motion. The 
agents gradually reduce their speed of falling and completely cease to do so in certain 
locations in space. This is accompanied by a change in the color gradient of the agents 
(from magenta to dark blue), indicating the change in the velocity levels of the agents; 
from high velocity to a stable and calm state.
Follow Mode:
This is the first instance that participants provide an impulse to the agents. 
Each movement of the participant creates a flux in the agent field (based on the 
aforementioned swarm principles) within which they are immersed. The swarm logic 
further entails that the agent propels its movement to the nearest neighbors and thus a 
ripple is sent through the virtual field as an emergent global outcome. It was observed 
that over time, the swarm of agents in space tends to follow the average direction 
of movement of the participants (if they move in the same direction). However, if 
two participants attempt to move in opposite directions, the swarm tends to remain 
stable. Furthermore, differential agent velocities of the entire swarm are the result 
of the participant’s movement velocity and thus tend to speed up or slow down, 
with high-velocity states depicted as magenta and low state as blue. This mode thus 
subtly engages the participant via responsive interaction and hence provokes physical 
movement of the participants (Figure 6.19, Follow).
Spike Mode:
The Spike Mode involves the introduction of geometry using the volumetric projection 
system. In this narrative, along with all the existing colored agents, pure white lines are 
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exhibited (line-connections). These lines are directly connected to the distances between the 
nearest agents of the swarm and are specifically triggered by tracking of the participant’s 
body joints. Both hand and feet joints of the participant’s digital skeletons (as seen via 
Kinect) are specifically chosen. Thus, while waving one’s hands and feet, any two agents 
falling within this waving path, which is triggered establish a connection depicted by a 
white line to be drawn between them. Because of numerous autonomous agents floating 
around the participants, they can freely and easily generate these flashing lines and start 
manipulating them once they unravel this simple logic. Some characteristics of the Follow 
Mode, such as the panning effect and color gradations are retained in this narrative and tend 
to seamlessly blend with the characteristics of the Spike Mode. (Figure 6.19, Spike).
Disturb Mode:
The Disturb Mode is the narrative where a shift from responsive to pro-active interaction 
germinates. Participants lose the ability to influence the movement of swarm agents 
using their own body movements. Additionally, all the agents, as autonomous entities 
start losing their energy, turn transparent and become almost invisible in space. In 
reality, once the agents lose their momentum, they become imperceptible and acquire 
a state of readiness for new stimulation from the participants. By touching, pushing, 
swinging the invisible agents, the participants actually feed/pass the agents energy 
and trigger their movement again. Each participant’s hands and knees, now, become 
activating nodes, which, in turn, influence the agents, based on the momentum 
produced by the movement of the participant’s joints. The faster the participants move, 
the larger the area of influence of the agents is, and thus the impact on the agent’s 
velocity and energy is also stronger. The swarm logic behind the scenes implies that 
active agents seek to influence other passive neighbors and thus set forth a non-linear 
movement. It was observed that the participants tend to become keen and keep trying 
different body postures and movements to gradually set the dormant swarm in action 
once more (Figure 6.19, Disturb).
Attract Mode:
The Attract Mode involves the swarm of agents to suddenly and aggressively move 
rapidly towards the participant. This is also accompanied by the agent’s switching their 
color to an aggressive red and yellow gradient. In this mode, the agent simulations are 
programmed to be attracted towards the participant’s hands and feet in order to create 
virtual polygonal geometries in space. Over a period of time, these virtual polygons 
unknowingly produced by the participants also appear in white along with other colored 
agents thus distinguishing the polygonal geometries the participants generate. Once 
the participants become aware of this game-play, they instinctively start attracting the 
agents via producing strange but interesting movements, such as changing moving 





In the Nurbs Mode, the participants are allowed to push, wave, and touch the agents 
similar to the Disturb Mode. In addition to this, a continuous transforming nurbs 
(spline-line) is materialized based on the agent aggregation based density in space. 
On an average, ten locations coinciding with ten densest locations of the agents in 
space are selected as control points to construct the nurbs. Since the agent densities 
can be impacted directly by the participant’s influential movement in space, the nurbs 
geometry fluidly morphs from one shape to another shape (Figure 6.19, Nurbs).
Rain-Up Mode:
Before the “Rain-up Mode”, the “Follow Mode” is exhibited again to gently inform the 
participants that the experiential installation is nearly towards the end. After a few 
minutes of “Follow Mode”, the participants entirely lose their control over all the agent 
movements and only witness the agents flying back up to the sky. All the agents will fly 
up with high velocity and gradually slow down to cease in a certain location in space. In 
terms of color, all the agents start with magenta representing higher speed and become 
dark blue corresponding to the velocity each agent embodies. Towards the end, all the 
agents lose their momentum, turn transparent and tend to fully disappear. Hence, 
the whole space returns back into an entirely dark state awaiting the next group of 





































help it to react in different contexts. “…it is an architecture that opens to welcome 
me and closes to defend me” (Novak, 1991) and “…they sense, they actuate, but 













































HyperLoop Simulation, a mere step before physical prototype















































































































































































§  6.8 Conclusion
“If a building could change its posture, tighten its muscles and brace itself against the 
wind, its structural mass could literally be cut in half,” said structural engineer, Guy 














































Benyus, J. M. (1997). Biomimicry: Innovation Inspired by Nature. New York: HarperCollins Publishers Inc.
Biloria, Nimish & Chang, Jia-Rey. (2013). Hyper-Morphology: Experimentations with bio-inspired design pro-
cesses for adaptive spatial re-use. Proceedings of the eCAADe Conference Volume No.1, 2013 (TU Delft) (pp. 
529-538). Delft: eCAADe and Faculty of Architecture, Delft University of Technology.
Deleuze, G., & Guattari, F. (2003). Anti-Oedipus: Capitalism and schizophrenia. Londom: Continuum.






McLuhan, M. (1964). Understanding Media: The Extensions of Man. New York: McGraw-Hill.
Novak, M. (1991). Liquid Architectures in Cyberspace. In M. Benedikt, Cyberspace: First Step (pp. 225-255). 
Cambridge: The MIT Press.
Oosterhuis, K. (2003). HyperBodies: Towards an E-motive Architecture. Basel: Birkhäuser.
O’Sullivan, Dan & Igoe, Tom. (2004). Physical Computing: Sensing and Controlling the Physical World with 
Computers. Boston: Course Technology Press.
Palumbo, L. M. (2000). New Wombs: Electronic Bodies and Architectural Disorders. Basel: Birkhäuser.




Reynolds, C. W. (1999). Steering Behaviors For Autonomous Characters. Proceedings of Game Developers Con-
ference (pp. 763-782). San Francisco: Miller Freeman Game Group.





“Simply stated, what we are evolving are the rules for 
generating form rather than the forms themselves. We are 
describing processes, not components; ours is the packet-
of-seeds as opposed to the bag-of-bricks approach.” 
John Frazer
§  7.1 Conclusion
Interactive Architecture should embody the features of “Information”, “Improvisation”, 
and “Integration” in order to generate sufficient “Intelligence” to embody the authentic 




































































































































































Once the above features of “information”, “improvisation”, and “integration” are 
understood and implemented, the aspect of “intelligence” will naturally be collectively 








should perform: Using their collective intelligence, they are able to actively interact 
(both externally and internally) with contextual data and are able to make immediate 
improvisations, in order to function as an integrated body/system.










ideas propagated by John Frazer’s notion that “…what we are evolving are the rules for 
generating form rather than the forms themselves. We are describing processes, not 









Relevance of Cybernetics” (Pask, 1969): “…An immediate practical consequence of the 
evolutionary point of view is that architectural design should have rules for evolution 
built into them if their growth is to be healthy rather than cancerous. In other words, 
a responsible architect must be concerned with evolutionary properties...” The idea of 































































































































Before you read the catalog, you should know the form driven logic behind it. The 
catalog displayed here only defines the default settings of the HyperCell transformable 
furniture. There is no limitation to explore more potential possible topological, Tatami, 




The logic extends the “True/False” mirror geometric transformation to determine the 




The logic defines the basic component’s shape as well as the degrees of freedom of the 
physical constraints of the component in order to interact with the users and make the 
transformation as a behavior emerging bottom-up.
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bench no.1 chair no.1
















[ 20,20,20,30 ] [ 20,20,40,30 ]
{ 1,4,1,1,1 }




{ 1,3,4,1,1 } { 1,2,4,1,1 }
[ 8,72,4,18 ] [ 16,46,-4,18 ] [ 20,50,-4,32 ]
{ 1,3,4,7,1 }



























table no.1 table no.2





{ 5,1,1,1,1 } { 1,3,4,1,1 }










































wall no.1 wall no.2
wall no.5 wall no.6
wall no.3
{ 1,2,6,1,1 } { 3,5,6,7,8 }










































stage no.1 storage no.1 bathtub no.1
{ 3,4,6,9,11 }
[ 22,42,-20,30 ] [ 10,40,-20,30 ] [ 10,40,-20,20 ] [ 10,40,-20,10 ]
{ 1,3,4,7,1 } +
[ 6,32,-24,26 ] [ 6,32,-24,26 ]













||Videos & Images Links_ 2011-17:

















































































bio-inspired design processes for adaptive spatial re-use. Proceedings of the eCAADe 




Generate Immersive Interactive Environments. Advances in Swarm Intelligence: 7th 





from Interactive to Pro-active Spatial Environments. Proceedings of the IEEE VISAP’15 
Conference: Data Improvisation (pp. 7-13). Chicago: IEEE VISAP.
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